ABSTRACT
INTRODUCTION
The waveform distortion caused by electronic loads has been focused upon for a while. On the low-voltage (LV) side the reasons to the concerns of the waveform distortion are many, but the main reason is heating and deterioration of cables, transformers, and capacitor banks.
Therefore the trend of harmonics has been interesting to follow and some reports show the tendency of an increase of harmonic content over the years, or at least during the survey [1] , [2] . However these surveys are made upon the voltage. An increase in harmonic voltage could be due to increased emission per device, an increased number of emitting devices or an increase in harmonic impedance. The latter could be due to higher amounts of cable or additional capacitor banks. In the study presented in this paper, we have concentrated on the emission of individual devices. This paper reports the results of a survey from six different computer tournaments (LAN parties or LAN festivals) during the time span from January 2002 to October 2008. During all of these events only the computer loads and additional equipments such as switches, hubs and gamingservers are connected to the measurement. The voltage was also monitored but not shown in this paper.
Computers used at these gaming tournaments are state-ofthe-art computers since gaming is computationally heavy due to the advanced graphics. So we can safely conclude that computers at these gaming events are at most a couple of years old. This also leads to the conclusion that the switch mode power supplies (SMPS) are of the newest model.
The harmonic current produced by loads is limited by a number of standards: IEC 61000-3-2, IEC 61000-3-4 and IEEE 519. Note that IEC sets limits for equipments while IEEE recommends limits per customer. It is not clear if these standards have resulted in a reduction of the total emission or even in a reduction of the voltage distortion. There is however a general (but not quantified) trend that more and more equipment and equipment with lower power rates is emitting harmonic currents.
The introduction of harmonic emission limits has resulted in developments of power factor correction to comply with the standards. Both passive and active power-factor correction is used. For example almost all illumination equipment powered by electronic ballasts over 25 W is today equipped with active power factor correction. It is also getting more and more common that new SMPS are also equipped with active power factor correction APFC which is argued to be energy efficient even though it is not needed to full fill the standard requirements. This paper will report some observation from some of these measurements at the six different LAN-parties and also some trends over the years.
THE NEUTRAL CURRENT 2002 AND 2008
One of the main concerns with harmonic distortion in lowvoltage network is the high current through the neutral conductor because of the third harmonic. The neutral current can become higher than the phase current resulting in risky overloading situations. The neutral current is shown in more detail for the 2002 and 2008 measurements.
Results from the LAN-festival in 2002
A LAN festival in 2002 was the first festival to be monitored. This festival was the first in a series of festivals arranged by a group of students and teachers at the university. During this festival there were about 140 players registered. The festival started around 7 p.m. on Friday and ended at noon on Sunday. Fig. 1 . shows the RMS current during the whole weekend. In this measurement the whole load, i.e. computers, servers and switches, was included. An important observation is that the RMS value of the neutral current is higher than the phase currents during the whole weekend. The main reason for this is that most of this load is non-linear and a large part of the third harmonic adds up in the neutral conductor. The fundamental current in the neutral wire is shown in plotted line (bottom) and varies around 10A. The fundamental component of the neutral current is due to the unbalance in load between the phases. Fig. 3 . shows the ratio between the neutral and the average RMS phase current as in (1) for each 10 min value during the weekend. This "relative neutral current magnitude" is calculated as:
where I D denotes the measured neutral RMS current, and I A to I C the RMS of the three phase currents. During this event the variation in this ratio is small, with an average value around 1.65. 
LAN-festival in 2008
The last festival monitored this far took place at the end of . This is mostly due to improved graphics that demand more power. Interestingly however, our measurements do not show a trend towards higher power consumption. Fig. 5 . shows the average power consumption per computer during maximum load. During these events it is hard to say if there is a moment when all participants are active at the same time as can be seen in the phase current shown in Fig. 1 . The power rate per computer has therefore been estimated as maximum total three-phase measured power consumption divided by the counted number of occupied seats during the event. The average power consumption per computer is thus only an estimate, which may be impacted by other factors like the number of players that stay during the whole duration of the festival.
From Fig. 5 . we can see a small trend toward increased power consumption over the years. The trend is however not clear and there are significant year-to-year variations.
One possible explanation of the lack of significant increase is that at the same time as power consumption of the computer has gone up the power consumption of the screens has decreased due to the change from CRT-to TFT-screens. . shows the mean current per computer during peak load for each of the events. This also shows that there is no dramatic increase of the current over the years. There is maybe even a trend of decrease in current per computer but once again it is hard to say for sure. As mentioned before this type of loads is likely to represent a quite modern type of computer load. One drawback with this type of "uncontrolled experiments" is that it is not easy to make the load symmetrical in the three phases. The neutral current is mainly a combination of unbalance between the phases and third-harmonic distortion. Even though this is not a perfect combination, the observed neutral current is much higher than can be explained from the unbalance only. The theoretical highest amplitude of the RMS neutral current reaches a value equal to 1.7 times the average phase current at a perfect symmetrical three phase load. This is due to harmonics produced by this type of loads, as shown in many papers and textbooks on harmonics, e.g. [3] .
Most interesting is the fact that the relative neutral current shows a significant decrease during the 6 years covered by the measurements. This is illustrated clearly in Fig. 7 . The figure shows the value at peak load with a clearly decreasing trend. As was already shown in the previous section, the relative neutral current remained rather constant during the tournament. The year-to-year changes were bigger than the variation during a tournament. dependent upon the symmetry between the phases and the harmonic content but still it will give a trend of the harmonic content.
Next to average values, the monitoring equipment also recorded snapshots of the waveform. Fig. 8 . shows two such snapshots of the currents drawn by the loads in 2002 and 2008, both obtained at peak load. Comparing the waveforms shows a shift from non-overlapping current pulses to a continuous current. It is the lack of overlap between the current pulses in the three phases that results in neutral current. A shift from current pulses to continuous current will result in less neutral current and a lower general harmonic content as well. These measurements have also recorded the harmonic current spectra during each of the festivals. Fig. 9 . shows the trends of the 3 rd , 5 th and 7 th harmonics. Like before the values at peak load are given. This graph shows that there has in general been a decrease of the harmonic content over the years. The decrease is most significant in the third and the fifth harmonic. 
CONCLUSION
Measurements have been performed of the current taken by large groups of modern computers during six occasions between 2002 and 2008. The measurements included the current magnitude for each of the phases and for the neutral conductor, the power consumption and the harmonic spectrum The measurements clearly show a decrease in harmonic distortion over the years. The neutral current was up to 1.7 times the average phase current in 2002, but only 1.2 times in 2008. The third, fifth and seventh harmonic currents went down from 65% to 40%, from 40% to 15% and from 20% to 10%, respectively. This decrease is significant and a very positive development. However, even the 2008 waveform is far from sinusoidal and the trend will hopefully further continue.
Another important conclusion from the measurements is that neither the power consumption nor the current magnitude per computer has increased. Both the reduction in the harmonic distortion and the non-increase in power and current are counter to what was expected.
